INTRODUCTION

MATERIALS AND METHODS
Chinese hamster V79 cells, subline V79-B310H, were kindly supplied by Dr. H. Utsumi, Radiation Biology Center, Kyoto University. The cells were grown as a monolayer in plastic culture dishes (6cm i.d.). The cells were maintained in log-phase culture. The medium was prepared by alpha modification of Eagle's minimum essential medium (GIBCO) according to the method of Utsumi and Elkind7), supplemented with 10% fetal bovine serum (GIBCO). Under these conditions, the doubling time was 9-10 h. 3'-Deoxyadenosine (cordycepin), purchased from Yamasa Shoyu Company Ltd. (Japan) was dissolved in the medium.
In order to label DNA uniformly with tritium, the cells were grown for 20 h in the presence of 3.7 x 103 Bq/ml of [3H]-thymidine (3.33 x 1012 Bq/mmol). The cells were further incubated in a fresh medium containing no [3H]-thymidine for 1 h at 37°C.
The cells in plastic culture dishes were chilled on ice for 10 min before irradiation. These dishes were then irradiated with X-rays in an ice-water bath with a Toshiba KXC-18 X-ray machine, operating at 170 kVp, 25 mA with a 2-mm Al filter. The dose rate was 4.9 Gy/min. Immediately after X irradiation, the cells were incubated at 37°C for various intervals in growth medium with or without cordycepin. After incubation was completed, cells were washed twice with ice-cold phosphate-buffered saline (PBS) and suspended in this solution by scraping with a rubber policeman.
For measurement of double-strand breaks (DSB) of DNA, neutral filter elution (pH 9.6) was performed 8). Cells were loaded onto 20-mm polycarbonate filters (2-rim pore size) and washed twice with 5 ml of PBS. The cells were first treated with 3 ml of a lysing solution (0.05 M Tris, 0.025 M EDTA, 2% (w/v) SDS and 0.5 mg/ml proteinase K, pH 9.6) for 15 min. After lysis, the solution was eluted for 1 h at a rate of 0.035 ml/min. Subsequently, 40 ml of an eluting solution identical to the lysis solution without proteinase K was added and eluted at a rate of 0.035 ml/min.
Single-strand breaks (SSB) of DNA were measured by alkaline filter elution (pH 12.1)9). The cells were first treated with 5 ml of a lysing solution (2% (w/v) SDS and 0.025 M EDTA, pH 9.7 adjusted with NaOH), and next with 2 ml of a lysing solution containing 0.5 mg/ml of proteinase K. Then 40 ml of an eluting solution (0.1 % (w/v) SDS and 0.02 M EDTA, pH 12.1 adjusted with tetra-n-propylammonium hydroxide) was gently added. The first lysing solution was allowed to drip by gravity; the second lysing solution and the eluting solution were eluted at a rate of 0.035 ml/min.
Ten fractions were collected at 90 min-intervals for 15 h. The processing of the filter remaining in the holder was done according to the method reported in a previous paper10). Each fraction of the activity remaining on the filter was plotted as a function of elution time. The % rejoined DNA was calculated using an equation reported by Weibezahn and Coquerelle1' % rejoined DNA = log (MV(irr., rejoined)/MV(irr., not rejoined)) l og (MV(control)/MV(irr., not rejoined))
where MV stands for the mean value of ten fractions. RESULTS AND DISCUSSION Fig. 1 shows the neutral elution profiles of DNA from the cells incubated in the presence or absence of 70 uM cordycepin for various intervals after X irradiation (100 Gy). This concentration of cordycepin enhanced X-ray-induced cell killing sufficiently but was not cytotoxic5). The steeper the slope, the more DSB were induced. It can be seen from Fig. 1 that the degree of the repair of DSB in the cordycepin-treated cells was lower than that of the control. In order to estimate repair kinetics, the fractions of rejoined DNA were plotted against time as shown in Fig. 2 . In cells incubated without cordycepin approximately 90% of DSB were repaired at 3 h and the half time of rejoining (t1,,) was about 7-8 min. This value was almost identical to that reported previously8). In cells incubated with cordycepin during repair time, only 60% of the DSB were repaired and t1/2 remained unchanged.
The effect of cordycepin on the repair of SSB was also examined. Fig. 3 shows the alkaline elution profiles of DNA from cells incubated in the presence or absence of 70 aM cordycepin for various intervals after X irradiation (10 Gy). Fig. 4 shows % rejoined SSB against repair time. No differences in either the degree or kinetics of SSB repair between cordycepin-treated cells and untreated cells were detected. The ineffectiveness of cordycepin on the repair of SSB can probably be explained as follows: Cordycepin is not able to inhibit the repair of SSB in nature, or alteratively the repair of SSB may be completed (t1,2= 2-3 min) before cordycepin changes into its phosphorylated form, which is essential for repair inhibition. However, we observed no inhibition of SSB repair in the cells incubated with cordycepin 1 h before X irradiation (data not shown). Using cordycepin, Robertson et al. reported similar observations3). Since it is thought that incubation for 1 h is sufficient for cordycepin to be phosphorylated, the latter reason may be ignored.
The results made it clear that cordycepin inhibited only DSB repair and had no influence on SSB repair. Generally, drugs, which enhance X-ray-induced cell killing by inhibiting enzymes such as DNA polymerases, are known to inhibit the repair of both SSB and DSB12). The present results confirmed observations that the increase of cell lethality caused by cordycepin applies only to unrepaired DSB, and further supports the conclusion of Frankenberg et al. that unrepaired DSB result in lethal lesions13> 
